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Abstract 
Scutellariae Radix (SR; common name Huangqin), the dried root of Scutellaria 
baicalensis Georgi, has been frequently used in combination with other herbs (e.g. 
Coptidis Rhizoma) in Traditional Chinese medicines for centuries. Flavonoids from this 
medicinal herb have been shown to possess a broad spectrum of biological actions. The 
pharmacological effects are therefore attributed particularly to flavonoids contained 
within the root. Flavonoids belong to a large group of plant polyphenols that are 
currently consumed daily in large amounts. They are also present in many medicinal 
plants, and herbal medicines containing flavonoids and have been used in traditional 
folk remedies for centuries (Di Carlo et al., 1999). Recent studies have shown that 
several flavonoids stimulate CI" secretion across rat colonic mucosa (Cermak et al., 
2002; Cermak et al, 2001). Our laboratory has also shown that baicalein, a major 
flavonoid derived from Scutellariae Radix, evoked CI" secretion across rat colonic 
mucosa, possibly via a cAMP-dependent pathway (Ko et al. 2002). This study aims to 
examine the effect of baicalein on CI" secretion in human colonic epithelial cells and its 
underlying signal transduction mechanisms. The present study also aims to investigate 
whether SR extract (SRE) also stimulates transepithelial ion transport in human 
intestinal epithelial cells (T84). 
The effects of baicalein and SRE on electrolyte transport were investigated by 
electrophysiological technique. T84 cells were grown on permeable supports for 9 days 
ii 
using standard culture techniques. Confluent monolayers were clamped in Ussing 
chambers and bathed in normal Krebs solution. Apical addition of SRE elicited a 
concentration-dependent increase in short-circuit current (Isc; an index of electrogenic 
ion transport). Removal of extracellular CI" or basolateral addition of bumetanide (100 
|aM), a Na+-K+-2Cr cotransporter inhibitor, abolished the Isc responses. The 
SRE-induced kc responses were sensitive to apical application of different CI" channel 
blockers such as DPC (100 ^iM), DIDS (100 |iM) and glibenclamide (300 |iM). 
Moreover, the SRE-induced Isc was sensitive to the cAMP-dependent K+ channel 
blocker 293B. The pharmacological effects of baicalein on CI" secretion in T84 cells 
were also similar to that of SRE. The effects of baicalein and SRE on PKA activity was 
also assessed by a commercially available assay kit. 
To assess the effects of baicalein and SRE on apical chloride channel activity, 
apical Cr conductances were measured by permeabilization of the basolateral 
membrane with nystatin, and the establishment of an apical-to-basolateral CI" 
concentration gradient. Similarly, basolateral potassium conductances were measured 
after permeabilization of the apical membrane with nystatin, and establishment of an 
apical-to-basolateral K+ concentration gradient. Data suggest that baicalein and SRE 
may activate apical CI" conductances, but not basolateral K+ conductances. 
In addition to baicalein and SRE, the effect of berberine on PKA activity in T84 
cells was examined. Berberine is the major active components of Coptidis Rhizoma. 
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Scutellariae Radix is often used in combination with Coptidis Rhizoma in traditional 
folk remedies. They have been widely employed together for the treatment of 
gastroenteritis and secretory diarrhoea. 
In summary, the results indicate an increase in Isc by baicalein and SRE in T84 
cells, which is due to CI" secretion. These data suggest that activation of adenylate 
cyclase, cAMP elevation and PKA pathway are involved in SRE's secretory action in 
T84 cells. It appears that baicalein may be the active ingredient of Scutellariae Radix 
extract in stimulating transepithelial CI" secretion in T84 cells. Although the stimulatory 
effect of baicalein and SRE on CI" secretion in T84 cells can be explained by the 
activation of cAMP-dependent pathway, their direct effect on apical CI" conductances 
and the involvement of calcium-activated CI" channels cannot be excluded. 
Although the presence of baicalein (and the herbal extract itself) may seem to 
counteract and limit the effectiveness of berberine (contained in Coptidis Rhizoma) in 
the treatment of secretory diarrhoea, they may have important modulatory effects on the 
anti-secretory action of berberine-containing herbs. The balance of the two different 
herbs may therefore be important to maintain a basal CI" secretion for lubrication of the 
mucosal surface layer and for the flushing of intestinal contents during host defense 
against microbial invasions or artificial irritants. Chinese practitioners of traditional 
medicine prescribe medicines based on "yin and yang". However, the "yin and yang" 
does not have any concrete physical meaning within the modern scientific scope, and 
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thus there is no equivalent term in western medicine to express this dichotomy. 
Interestingly, the pro-secretory effect of baicalein and the anti-secretory effect of 
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Chapter I: Introduction 
LI Transepithelial ion transport 
I.l.l Fluid secretion in the colon 
One of the major functions of the colon is the secretion of electrolytes, which is 
balanced by absorption. These two functions play an important role in fluid 
homeostasis as the house keeping functions of the colon, which are performed by 
goblet and columnar epithelial cells (Fig. I.l). Cells in crypt region are located in the 
submucosa of the epithelium, they mature as they migrate up to the surface in the 
villus region. Fluid absorption mainly occurs across the epithelial cells, whereas fluid 
secretion occurs both in the villi and the base crypt epithelium (Kunzelmann & Mall, 
2002; Welsh etal.’ 1982). 
Colonic epithelial cells are polarized for their function of ion transportation. 
They form a single and uniform intracellular compartment as a continuous lining that 
is bound by an apical and a basolateral membrane with different ion transport 
properties (Welsh et cd.，1982). One ion transport activity is CI" secretion, which is 
performed by the highly CI" secretory crypt epithelial cells (Kunzelmann & Mall, 
2002). 
Malfunction of ion transport occurs during infectious diseases causing secretory 
diarrhoea, the resulting excessive loss of salt and water can be lethal (Field et al., 
1989; Cleary & Ashkenazi, 1990). Cystic fibrosis, which is caused by the loss of the 
Introduction 2 
� 
‘ Housfro Epiptak oppendagej 
� 碼 I J I 
f 丨 A \ 力 
I ：續「， 
F Circulor muscle oypfs / X；；^  y . O. 
^ Lonyiudinal ���>(<«•� ^ ^ / 说’�\ j/:�’ 
广...... 义 ） 隱 ， ； 
；. Surfoce 9«blet c^ lts ^ ^ ^ n ^ J y ^ ^ M l ^ 
tomina proprio —' 4 ^ 
i Gablot cels m cryp, — ^ 
li； ^ 
t. 
Fig. I.l Histology of the large intestine. A. Section of the transverse colon cut 
open to show the inner surface. B. Enlargement of the inner surface showing 
openings of the crypts. C. Higher magnification of a single crypt. [Adopted from 
(Seeley, Rod R.，1992)] 
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function of the cystic fibrosis transmembrane conductance regulator (CFTR), can lead 
to distal intestinal obstruction syndrome (DIOS) in the patient during early ages and 
chronic constipation with rectal prolapse in the older cystic fibrosis patient. 
1.1.2. Cellular mechanism of chloride secretion 
The apical CI" secretion in colonic epithelia is performed predominantly by 
CFTR，which is involved in both cAMP- and Ca - activated CI" secretion (Greger, 
2000;Kunzelmann & Mall, 2002a). In the system shown in Fig. 1.2，CI" ions are taken 
up in the basolateral side through the Na+-K+-2Cr cotransporter. The isoform of the 
Na+-K+-2Cr cotransporter (NKCC) is NKCCl (Haas & Forbush，III, 2000)，which is 
present in a wide variety of secretory epithelia and non-epithelial cells. The other 
isoform NKCC2 is present exclusively in the kidney (Haas & Forbush, III, 2000). 
The K+ cotransported with chloride intake, through the NKCCl and via the 
Na+，K+ ATPase, are recycled through K+ channels on the basolateral side which 
promotes exit of K+. The function of these channels is the maintenance of a balanced 
membrane voltage potential and electrical driving force (Haas & Forbush, III, 2000). 
The K+ exiting pathways involve both cyclic AMP and Ca2+, i.e., cAMP driven K+ 
channels and Ca� . - activated K+ channels (Loo & Kaunitz, 1989). 
The activation of cAMP-driven K+ channels is mainly responsible for recycling 
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K+ during cAMP-dependent chloride secretion, while Ca^ "^ - activated K+ channels 
(SK4) may not be involved (Warth et al., 1996). The channel was named KyLQTl 
(KCNQl), and verified by specific blockade by the chromanol compound 293B 
(Bleich et al, 1997;Lohrmann et al, 1995). The Ca^ ""- activated K+ channels are 
stimulated during the Ca^^-mediated secretion to maintain the K+ balance and the 
cAMP-driven K+ channels have relatively little input during these secretory responses 
(Bleich et al, 1996). 
Introduction 5 
Luminal , ) Basolateral 
一 ^ ~ ^ f ^ 2 K + 
T IKVLQT^CNE^ 
K i p 
< c r N a + 
^ ^ < i N K C C l ) = 2 C r 
十 
<——I I N a + 
I 
Fig. 1.2. Cellular model for CFsecretion, located predominantly in crypt cells but 
also in the surface epithelium of proximal and distal colon. CP secretion is 
activated by cAMP-dependent stimulation of luminal CFTR C � c h a n n d s , which are 
the predominant if not only luminal C � c h a n n e l s in the native colon. CI— secretion is 
paralleled by secretion of K+ via luminal K+ channels and Na+ transport tough the 
paracellular shunt. C P is taken up into the cells by the basolateral Na+-K+-2Cr 
cotransporter NKCCl. The rate of secretion is probably controlled by the activity of 
NKCCl, which is regulated through the intracellular C厂 concentration, cell swelling, 
and probably phosphorylation. CI" transport is maintained by basolateral cAMP-
activated KVLQT1/KCNE3 and Ca^'^-activated SK4 K+ channels. [Adopted from 
(Kunzelmann & Mali，2002)]. 
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1.2. Regulation of chloride secretion in T84 cells 
1.2.1 Human colonic T84 cells as the study model 
In 1984，the T84 cell line was first established as a model system for the study of 
intestinal epithelial chloride transport. The cells could be grown on permeable 
supports in such a way that they grew to confluence as polarized monolayers. They 
developed high levels of transepithelial resistance, which is similar to isolated colonic 
epithelia, and displayed vectorial chloride secretory response to a number of 
physiologically relevant agonists (Dharmsathaphorn et al.’ 1984). Using this cell line, 
many of the fundamental mechanisms of ion transport were discovered, such as ion 
channel activation, stimulation of ion transport by secretagogues and intracellular 
signal transduction pathways (Barrett, 1993; Greger et al, 1989) 
1.2.2 Signal transduction pathways of chloride secretion in T84 cells 
The signal transduction pathways of the ion secretion in the T84 cells are mainly 
cAMP- or Ca2+ -dependent. The cAMP-dependent pathway in the T84 cell line is 
suggested to involve the cystic fibrosis transmembrane conductance regulator (CFTR). 
In Fig. 1.3，the binding of cAMP-mobilizing agonists or cGMP-mobilizing agonists 
leads to dissociation of the catalytic subunit (C) of the cAMP 一 dependent protein 
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Fig 1.3 Proposed intracellular mechanisms involved in cyclic nucleotide-
dependent chloride secretion in T84 cells. Binding of cAMP-mobilizing agonists 
leads to rise in intracellular cAMP level and the dissociation of catalytic subunit 
(C) of protein kinase A (PKA) from its regulatory subunit (R). cAMP may activate 
the opening of the basolateral potassium channels. The catalytic subunit is then 
able to phosphorylate apical chloride channels [cystic fibrosis transmembrane 
conductance regulator (CFTR)] and thereby activate them, leading to chloride 
secretion. Protein kinase A may also phosphorylate as yet unidentified cytoskeletal 
elements, resulting in enhanced delivery of Na+-K+-2Cr cotransporter to 
basolateral membrane and thereby providing for sustained secretion. AC, adenylyl 
cyclase; P, phosphate. 
Introduction 8 
able to phosphorylate the apical chloride channel CFTR (Berger et al, 1991). The 
Na+-K+-2Cr cotransporter is suggested to be activated through involvement of 
cytoskeleton element phosphorylation (Matthews et al, 1992). In the receptor 
recognition of Escherichia coli heat stable toxin (STa), the activation and opening of 
the IC+ channels in the basolateral domain also participate in the CI" secretory 
processes (Huott et al, 1988). 
The other chloride secretion pathway is mediated by an increase in intracellular 
Ca2+. In Fig. 1.4, the acetylcholine analogue carbachol triggers this phospholipase C 
dependent CI" secretion pathway. The enzyme acts on phosphatidylinositol 
bisphosphate (PIP2) to release calcium-mobilizing messager inositol trisphosphate and 
diacylglycerol (DAG) (Wasserman et al, 1988). Elevation of cytolsolic Ca^^ appears 
to involve both an influx of extracellular Ca across the apical membrane of the cells 
as well as intracellular Ca^ ^ stores from endoplasmic reticulum (Trucksis et al., 2000). 
The Ca2+-mobilizing hormones or neurotransmitters that induced CI" secretion in T84 
are supposed to be regulated by the opening of apical calcium-activated chloride 
channel (CaCC) and basolateral K+ channels (Reenstra, 1993; Arreola et al,, 1998). 
An increase in cytosolic Ca^ "^  brought about by drug treatment with 
thapsigargin, a cell permeable inhibitor of the 
ATPase in the endoplasmic 
reticulum, is sufficient to cause a rise in the Ca '^^ -dependent CI" secretion without the 
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Fig 1.4 Proposed positive (solid arrows) and negative (broken arrows) 
intracellular mechanism involved in calcium-dependent chloride secretion in 
T84 cells caused by CCh. Carbachol binds to a basolateral muscarinic receptor 
linked to a G protein (G) and thereby activates phospholipase C (PLC). This 
enzyme acts on phosphatidylinositol bisphosphate (PIP2) to yield calcium-
mobilizing messenger inositol trisphosphate [Ins(l,4,5)P3] and diacylglycerol 
(DAG). An elevation in intracellular calcium concentration opens basolateral 
potassium channels, providing driving force for chloride exit across apical 
membrane. Intracellular calcium also opens calcium activated chloride channel 
(CaCC), which lead to chloride secretion. Negative regulation is exerted by protein 
kinase C (PKC), which was proposed to be directed at potassium channel. 
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involvement of diacylglycerol (DAG)(Reenstra, 1993). Ca^^-dependent secretagogue 
would normally lead to the activation of protein kinase C (PKC). However, it has 
been shown that PKC activation appears to limit Ca^"^-dependent CI" secretion by 
various mechanisms, including the generation of inositol 3,4,5,6- tetrakisphosphate 
and inhibition of K+ channels (Barrett & Keely，2000). 
Although the pathways of cAMP and Ca^^-mediated CI" secretion are distinct, 
they are expected to perform synergism of each other. This synergism was explained 
to be the removal of rate limiting steps for the two types of secretory response, as a 
result of having an total effect greater than the additive effect of the two types of 
secretagogues (Cartwright et ai, 1985). 
In cAMP-dependent CI" secretion, the signals generated by cAMP-mobilizing 
agonists sustain CI" secretion for the duration of agonist-receptor interaction before 
they are degraded gradually (Barrett, 1993). Ca^"^-mediated CI" secretion is negatively 
regulated mainly by the transactivation of epidermal growth factor receptor (EGFR) 
as illustrated in Fig. 1.5. The transactivation of EGFR is supposed to be initiated by 
the activity of Src family kinases and Ca^ "^  dependent tyrosine kinases Pyk-2. 
Consequent phosphorylation of the externally regulated kinase (ERK) and p38 
mitogen-activated protein kinase (MAPK) is suggested to be involved in this negative 
regulatory mechanism (Keely & Barrett，2003). 
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Fig. 1.5 Proposed mechanism for the role of p38 and ERK MAPK in 
regulation of CI" secretion across intestinal epithelial cells. GqPCR agonists, 
typified by the muscarinic M3 receptor agonist CCh, stimulate chloride secretion 
via elevations in intracellular Ca^ "^  (solid lines). However, the extent of CI" 
secretory responses is intrinsically limited by a signaling pathway in which 
increases in intracellular Ca^ "^  bring about transactivation of the EGFR by a 
mechanism involving calmodulin, the calcium-dependent tyrosine kinase Pyk-
2 , and Src family kinases (dashed lines). In turn, transactivation of the EGFR 
brings about activation of both p38 and ERK isoforms of MAPK. p38 and ERK 
then act by independent mechanisms to downregulate the ongoing Ca -dependent 
Cl'-secretory response. Note that in this representation the convergence of 
signaling pathways on an apical CI" channel it is not intended to imply a direct 
effect of signaling mechanisms (prosecretory or antisecretory) on a CI" channel 
protein but rather, for simplicity, an effect on the overall CI" secretory process. 
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From Fig. 1.5, it can be seen that intracellular Ca^ "^  participates in the negative 
regulation of CI" secretion in T84 epithial cells (Vajanaphanich et al, 1994). The 
downregulaton of CI" secretion could be mediated by the increase in cytosolic Ca^^ 
and consequent activation ofp38 MAPK (Keely & Barrett, 2003), 
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1.3. Pharmacological actions of Scutellariae Radix 
1.3.1. What is Scutellariae Radix? 
The botanical name of the medicine is Scutellariae baicalensis Georgi, which is 
the dried root of the plant (common name is Huangqin) (Fig. 1.5). It is officically 
listed in the Chinese Pharmacopoiea and is one of widely used Chinese herbal 
medicines. It is used to treat dysentery, discomfort in the stomach, fever, hematemesis, 
jaundice and threatened miscarriage (Yang Yongliang, 1999). By high performance 
liquid chromatography, 14 chemical constituents in the drug were determinated,' 
including a large amount of flavonoids such as baicalein, baicalin, wogonside and 
wogonin (Zuo et al., 2001). 
1.3.2. Some biological and pharmacological actions of Scutellariae Radix 
The antibacterial effects of Scutellariae Radix were identified by in vitro 
experiments of the metabolites of Huangqin-tang on the bacterial infections 
Salmomella, Dysentery bacillus and Proteus. The protective effect of Huangqin-tang 
with the help of intestinal flora, had been found in animals infected by Staphylococcus 
aureus and Escherichia coli (Yan et al,, 2003). 
Treatment by Hange-shashin-to, which is a medicine consisting of huangqin and 
six other herbs, is useful against delayed diarrhoeal symptoms in rat gastrointestinal 
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tract. This therapeutic effect is due to the inhibitory effect on prostaglandin E2 level, 
which leads to the suppression of cholera toxin-stimulated intestinal fluid secretion 
(Kase et al., 1998). 
There is a protective activity of Huangqin-tang against liver injury induced by D-
galactosamine (GalN). Oral administration of Huangqin-tang reduced the liver 
injuries in mice, and this effect is associated with the human intestinal bacteria. (Zuo 
et a/.，2003). 
Inhibition of cancer cell proliferation as a result of suppression of prostaglandin 
E2 synthesis in head and neck squamous cell carcinoma is also discovered as the 
pharmacological effect of Scutellariae radix (Zhang et al, 2003). Besides, anti-
oxidative property illustrated as the ability of rapid metabolism of hydrogen peroxide 
was discovered in the cells of the plant Scutellariae Radix Georgi. This metabolism 
elicited a response to an inducer which generated substrates for peroxidase reactions 
(Morimoto et al, 1998). 
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1.4. Effects of Scutellariae Radix and its major flavonoid baicalein on 
epithelial ion transport processes 
1.4.1. Effects of Scutellariae Radix extract 
Preliminary studies in T84 cell monolayers have shown that Scutellariae Radix 
extract (SRE) stimulated CI" secretion and this secretion was blocked by both the 
inhibition of Ca^ "" dependent chloride channels (CaCC) and CFTR, suggesting the 
involvement of these two channels. Significant blockage of SRE-stimulated CI" 
secretion by the PKA inhibitor H89 and the adenylate cyclase inhibitor MDL-12330A 
indicated that the CI" secretion is possibly through a cAMP -PKA dependent pathway 
(Yue G.L.，unpublished data). The CI" secretory response to saturating concentration of 
the adenylate cyclase activator, forskolin (10 ^iM), was not further enhanced by SRE. 
On the other hand, pre-treating the epithelia with the calcium mobilizing agent, 
thapsigargin (1 fiM)，did not prevent a further increase in he by SRE. On the contrary, 
the thapsigargin-evoked Isc was potentiated by pre-treating the epithelia with SRE. 
Moreover, SRE evoked a concentration-dependent increase in cAMP generation. 
Taken together, the stimulation of CI" secretion by SRE appears to involve the cAMP-
dependent pathway (Yue G. L.，unpublished data). Meanwhile, protein kinase C (PKC) 
inhibitor GF109203X did not inhibit the SRE-induced CI" secretion, which suggested 
the pathway of SRE-induced CI" secretion may not be related to PKC. 
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1.4.2. Effects of baicalein 
Baicalein is one of the major flavonoids in the Scutellariae Radix. The effects of 
this flavonoid have been widely studied, such as anti-cancer property (Keely & 
Barrett, 2003), anti-oxidant activity (Gabrielska et al, 1997), anti-inflammatory effect 
(Shen et al, 2003) and free radical scavenging property (Wozniak et al, 2004). In the 
isolated rat colonic mucosae, studies have shown that baicalein stimulates CI" 
secretion in a dose-dependent manner (Ko et al, 2002). Therefore, baicalein would be 
expected to stimulate fluid secretion in the intestine by the increase of the osmotic 
driving force from the ion secretion (Dharmsathaphorn & Pandol, 1986). 
Preliminary studies indicated that the CI" secretory effect of baicalein on T84 
cells is probably through a cAMP-dependent pathway, due to the results that baicalein 
could potentiate the Ca^^ mediated anion secretion induced by carbachol without 
altering the intracellular C^^ level (Yue G.L.，unpublished data). Previous studies 
have shown that there are cross talks between cAMP and Ca^ "*" mediated signaling 
pathways in regulation of CI" secretion in T84 cells and synergistic actions of these 
two second-messengers (Car twr ight et al., 1985; Vajanaphanich et al, 1995). As the 
baicalein response is possibly cAMP-dependent, one of the signaling molecules 
involved is PKA, the downstream target of cAMP in most of the cAMP signaling 
pathway. 
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The baicalein response can also be related to its inhibitory effect on PKC. 
Previous studies with lens epithelial cells showed that baicalein prevents epidermal 
growth factor (EGF)-induced activation of protein kinase C (PKC) alpha and beta 
subunits (Zhou et aL, 2003). A previous report suggests that the PKC activator 
phorbol 12-myristate 13-acetate (PMA) effectively stimulated phosphorylation of 
ERK, which leads to negative regulation of CI" secretion in T84 cells (Keely & Barrett, 
2003). It is possible that both PKC and MAPKs are involved in the signaling 
transduction cascade of the regulation of CI' secretion in T84 cells. 
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1.5 Relationship of Coptidis rhizoma and its active ingredient 
berberine, with Scutellariae radix in traditional remedies 
Coptidis rhizoma is the dried rhizome of Coptis chinesis Franch, with a common 
name Huanglin (Fig. 1.5). In traditional folk remedies for over two thousand years, 
Scutellariae radix is often used in combination with Coptidis rhizoma for the 
treatment of gastroenteritis and secretory diarrhoea. Oren-gedoku-to, which is a 
complex mixture of Coptidis rhizoma, Scutellariae radix, Phellodendri cortex and 
Gardeniae feuctus, has been used to treat chronic inflammatory disease and ulcerative 
disease in Japan and China (Zhou & Mineshita, 1999). 
Berberine is one of the major flavonoids of Coptidis rhizoma. Its inhibitory 
effects on both basal and stimulated ion secretion in T84 cells were non-specific for 
cAMP mediated signals, and the mechanism of action was suggested to be at the level 
of blockade of K+ channels (Taylor et al, 1999). Blockade of calcium-activated K+ 
current by berberine was discovered in human myeloma cells, suggesting a possible 
inhibition effect of berberine on K+ channels as well (Wu et al., 1998). 
In the case of baicalein, it stimulates CI" secretion probably through a cAMP-
dependent pathway as previously described. Thus, baicalein and berberine may play a 
different role in regulating fluid and electrolyte balance in colon. This indicates that 
Scutellariae radix and Coptidis rhizoma have modulatory effects on each other. 
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Fig.1.5 Photographs of the medical herbs: (A) Scutellariae baicalensis Georgi; (B) 
dried root of Scutellariae Radix; (C) Coptidis chinesis Franch; (D) dried rhizome of 
the Coptidis rhizoma. 
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1.6 Aim of study 
The purpose of this study was to further characterize the cellular mechanisms 
underlying the pro-secretory effect of SRE and baicalein in T84 cells. The 
concentration-dependent effects of SRE and baicalein, and the involvement of 
different K+ channels and CI" channels in the SRE- and baicalein-stimulated CI" 
secretion will be examined. Also，the nystatin permeabilization method was used to 
study the specific ion channels involved and the primary target of SRE and baicalein. 
The role of PKA activities in the SRE- and baicalein-stimulated CI" secretion were 
also investigated by using a commercially available PKA assay kit. 
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Chapter II: Methods and Materials 
II.l. Culture technique of the T84 cells 
T84 cells, derived from human colonic cancer, were obtained from the American 
Type Culture Collection and were stored in liquid nitrogen in our laboratory. The cell 
line was kept for experimental purposes within the range of 18 to 34 passages. For 
maintenance, the cell line was thawed routinely from storage by melting the frozen 
cell suspension inside the cryogenic vial in a 37 °C water bath. The melted cell 
suspension (about 1 mL) was then transferred to a 15 mL centrifuge tube. The cells 
were resuspended by adding 10 mL of culture medium with 10% fetal bovine serum 
(FBS) drop by drop into the centrifuge tube. Then the suspension was transferred into 
two culture flasks for incubation at 37 °C in a humidified atmosphere of 95% air- 5% 
CO2. Cells were allowed to attach onto the bottom of the flasks for 12 hours following 
which the culture medium was replaced. After 24 hours, the medium was changed 
again. As shown in Fig. ILIA, the cells attached to the bottom of the flask and began 
to grow. 
The epithelial cells were maintained by trypsinization and replated every 7 days 
when the cells in the flasks became confluent (Dharmsathaphorn et al, 1984)(Fig. 
II.IB). The media in the flasks was replaced by 2 mL of trypsin/EDTA (0.05%) and 
the flasks shaken gently for 1 minute in order to flush away the residual media. 
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Following this the trypsin/EDTA was discarded and another 2 mL of fresh 
trypsin/EDTA was added. The flasks were then incubated at 37 °C for 10 minutes. 
The detached cells were transferred to 15 mL centrifuge tubes with the same amount 
of fresh media. The same trypsin/EDTA treatment was repeated three times to remove 
all the cells from the flasks. The cell suspensions were centrifuged at 800 xg for 3 
minutes. Each pellet was resuspended in 4 mL of fresh medium. The cell suspension 
was made up to 20 mL and split into four flasks for the next passage. 
The medium used for the culturing of the T84 cell was Dulbecco's Modified 
Eagle's Medium (DMEM/F12), which was supplemented with 10% (vol/vol) fetal 
bovine serum, 1% (vol/vol) non-essential amino acid, 100 I.U./mL penicillin and 100 
l^g/mL streptomycin. All of these cell culture reagents were purchased from 
Invitrogen (NY, USA). 
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Figure.II.l. Light micrographs of T84 human colonic cells grown on culture flask. 
A: 24 hours after seeding. B: cells became confluent 7 days after seeding. 
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II.2. Conventional short-circuit current (Isc) measurement 
II.2.1. Experimental setup 
Studies of the electrolyte transport across T84 cells were also performed by 
employing conventional short-circuit current measurement. A modified circulating 
Ussing chamber, which was invented in 1950 by Hans Ussing, was used. The set up 
for conventional Isc measurement mainly comprised of the following parts (Fig. 
II.2A): 
(1) Ussing chamber: consists of a U-shaped tubing system that was filled with bathing 
solution. The tubing was kept at 37°C by water jackets and was gassed with 95% 
O2 and 5% CO2 for maintaining physiological pH and high O2 content and to stir 
the liquid to ensure complete convection. The lumen of the tubes was connected to 
the chambers. The two half chambers were inserted with those tubes mentioned 
above and electrodes. Epithelial cells grown on filters (see later) were mounted on 
the chamber using needle pins inserted around the open mouth of one chamber 
with matching pinholes in the other chamber (Fig. 2.2B). 
(2) Electrodes: purchased from World Precision Instruments Inc. (USA). Calomel 
electrodes were filled with 3% agarose containing in 3M KCl. Type EKV 
electrodes (Vi & V2 in Fig. 2.2B) were used to measure the potential difference 
(p.d) across the epithelia and type EKC (/i & h in Fig. 2.2B) were used to apply 
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an external current during experiment. 
(3) Voltage-current clamp amplifier (MC6-VC4) was purchased from Physiologic 
Instruments (San Diego, CA, USA) and used to amplify thep.d., clamp thep.d. at 
zero voltage and record the Isc. A chart recorder (Kipp and Zonen, Delft, The 
Netherlands) was used to display the change of/^c. 
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Fig.II.2. Schematic diagram of the Ussing chamber apparatus used for 
conventional short-circuit current {Isc) measurement. A: the U-shaped tubing 
system was mounted on a stand and filled with experimental solution (e.g. normal 
Krebs-Henseleit solution)(see later), which was gassed with 95% O2 and 5% CO2. 
The lumen of the tubing system was connected to the Ussing chambers with tubes. 
The Ussing chamber was then connected with electrodes (7/ & V2; /； & li) for 
experiment. The change in Isc {Msc) was measured by the voltage-current clamp 
amplifier and recorded on the chart recorder. B: the cell-bearing filter membrane was 
mounted between the two halves of the Ussing chamber (Ci and C2). The needle pins 
around the open mouth of the C2 chamber pierced through the silicon ring of the filter 
membrane so that the position of the filter was fixed. 
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11.2.2. Preparation of the permeable supports 
For conventional measurements of Isc, T84 cells were seeded onto Millipore 
filter membranes (pore diameter, 0.45 |im; Millipore Corporation, MA, USA) 
previously glued onto silicon elastomer rings (culture area: 0.45 cm^) (Fig. II.3A). 
Silicon elastomer rings were made from SYLGARD® 184 silicon elastomer kit (Dow 
Corning, USA). Silicon rings were prepared by two different diameter cork borers and 
the rings were stuck onto the Millipore filter membrane using Dow Corning® 3140 
RTV coating (Dow Corning, USA). The filters were sterilized under ultra violet light 
for 40 minutes (Fig. II.3B). 
11.2.3. Cell seeding 
During cell culture, T84 cells were removed from culture flasks by trypsinization 
and then resuspended in fresh medium. The cell suspension was diluted to 3 xlO^ 
cells/ mL. Sterile Petri dishes were filled with 12 mL fresh culture medium and eight 
sterilized filters were floated on it. An aliquot (0.25 mL, approximately 8 xlO^ cells/ 
filter) of cell suspension was seeded onto each filter membrane and incubated in a 
humidified atmosphere of 95% air- 5% CO2 at 37°C. Experiments were undertaken 
after 9-10 days in culture, by which time the cell monolayers had reached conflueny. 
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Fig.II.3. Diagrammatic illustration of the preparation of a permeable support for 
conventional short-circuit current {Isc) measurement. A: Millipore filter 
membrane (0.45 |im pore size) was glued onto a silicon elastomer ring. B: Silicon 
rings were prepared by using a double diameter cork borer and the rings were then 
stuck onto a Millipore filter membrane (inner area: 0.45 cm�). The filters were 
sterilized by UV irradiation for 30 minutes. Filter membranes were placed in a Petri 
dish with 12 mL fresh culture medium inside. An aliquot (250 i^L, 8 xlO^ cells/ filter) 
of cell suspension was added onto each filter membrane within the silicon ring. The 
cells were allowed to grow for 9 days until confluent. 
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II.2.4. Short-circuit measurement 
The intrinsic potential difference (p.d.) of electrodes and fluid resistance should 
be nullified before each experiment. The p.d. and fluid resistance were offset to zero 
on the V/C amplifier and would be steady after 10 minutes. Afterwards, the filter 
membrane bearing the cell monolayer was clamped between the two halves of the 
chamber and the chamber was filled with 20 mL of identical KH solution on both 
sides of the monolayer. 
Initially, the epithelia were maintained under open circuit conditions while 
transepithelial p.d. was monitored. After initial stabilization, p.d. was clamped to 0 
mV and the baseline measurement of Isc was recorded. A transepithelial p.d. of 1 mV 
was applied periodically (40 seconds), and the resultant change in current was used to 
calculate the transepithelial resistance (7?t) using Ohm's law. Subsequently, drugs were 
added to the apical and basolateral bathing solutions and the action of drugs on the 
change in Isc of the monolayer could be continuously displayed from the traces on the 
chart recorder. 
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II.2.5 Short-circuit measurement in nystatin-permeabilized T84 monolayers 
Experiments were performed using conventional Isc measurements. T84 
monolayers were grown on Millipore filter membranes (Millipore, MA, USA) with 
pore diameter of 0.45 |iM as described previously. The monolayers were mounted in 
an Ussing chamber and bathed in normal KH solution, while the /记 was measured as 
described before. Apical membrane CI" membrane currents, measured as la, were 
studied in cells permeabilized basolaterally with 360 |ig/ml nystatin, in the presence 
of asymmetrical buffers that imposed an apical-to-basolateral CI" gradient. Basolateral 
NaCl was replaced by equimolar Na-gluconate. Nystatin was added to the basolateral 
membrane 30 minutes before the addition of drugs. Basolateral membrane K+ currents, 
measured as 4 were studied in cells permeabilized apically with 360 |_ig/ml nystatin 
for 30 minutes, in the presence of asymmetrical buffers that imposed an apical-to 
basolateral K+ gradients. The apical NaCl was replaced by equimolar K-gluconate, 
while basolateral NaCl was substituted with equimolar Na-gluconate. In all 
gluconate-containing solutions, the CaCb was increased to l l mM to compensate for 
the Ca2+ chelating effect of the gluconate anion. 
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II.3. Measurement of protein kinase A activity 
T84 cells were seeded at a concentration of 3 xlO^ cells/ mL in sterile petri dish 
(well diameter 6 cm). T84 cells were treated with serum-free DMEM one day before 
experiment. After 7 days, 80 % confluence T84 cells were washed with 37 °C KH 
solution and immersed in 1 mL of KH solution for 1 hour, also warmed to 37 °C. 
Baicalein, Scutellariae radix extract, berberine, baicalein with berberine were added 
to the dishes and incubated at 37°C for various time periods. Cells were also 
incubated with DMSO for a period which is the same as the longest treatment of the 
drug for comparison of the effect of the solvent. After the drug treatment, cells were 
washed with ice-cold PBS solution, lysed with 100 ^iL/well lysing buffer (20 mM Tris 
pH 7.4，1 mM EGTA pH 7.4，10 mg/mLBSA, IX protease inhibitor cocktail, IM DTT, 
10 mM PMSF) and scraped off after 2 minutes. Lysed cells were sonicated on ice by 
using a probe sonicator, 10 seconds for each time and repeated three times. The PKA 
contents in supematants were assayed by using a non-radioactive, commercially 
available kit (Promega，Madison, WI). .The phosphorylated and non-phosphorylated 
samples were separated on a 0.8% agarose gel at 100 V for 15 minutes. The gel was 
photographed and the fluorescence intensity was quantified by the FluorChem^'^ 8000 
imaging system (Alpha Innotech Corporation, San Leandro, CA, USA). 
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II.4. Solutions and chemicals 
Solutions 
Concentration Normal Chloride free Potassium-
in mM Krebs-Henseleit chloride rich 
(KH) 
NaCI 117 — ™ „_ — 
NaHCOa 24.8 24.8 24.8 ^ 
^ 4.7 — 4.7 4.7 
MgCb 1.2 — 1.2 ^ 
MgS04 - 1.2 -
KH2PO4 1 2 1.2 1.2 ^ 
CaCl2 2.56 - - 11 ” 
D-glucose 11.1 11.1 11.1 ^ 
Na-gluconate — 117 117 ___ 
K-gluconate — 4.7 „_ ” 7 
Ca-gluconate — 20 ___ 
The solution was continuously bubbled with 95% O2 and 5% CO2 to maintain the pH 
at 7.4. 
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Chemicals 
The following drugs: baicalein, berberine, bumetanide, nystatin, forskolin 
4.4' -diisothiocyanostilbene-2,2 ‘ -disulfonate, Charybdotoxin, clotrimazole, were 
obtained from Sigma (St. Louis, MO, USA), diphenylamino-2-carboxylate, H-89 
dihydrochloride, MDL-12330A from Calbiochem (La Jolla, CA, USA). GF-109203X, 
glibenclamide and 1-EBIO were from Sigma-RBI (Natick, MA, USA). Chromanol 
293B obtained from Tocris (North point, AM. UK). Tram-34 was a gift from Prof. B.J. 
Harvey. BaCb was from Merck (Hawthorne, NY, USA). Scutellariae radix extract 
was generously supplied by Dr. Huang Yu, Department of Physiology, CUHK and Dr. 
Z.Y. Chen, Department of Biochemistry, CUHK. Stock solutions of all the chemicals 
were dissolved in DMSO. Final DMSO concentration never exceeded 0.3% (vol/vol) 
(expect for Scutellariae radix extract up to 200 }iL/10mL, i.e. 2%). Preliminary 
experiments indicated that the vehicle did not alter any baseline electrophysiological 
parameters in Isc measurement. 
Dulbecco's Modified Eagle's Medium (DMEM/F12), fetal bovine serum (FBS), 
MEM non-essential amino acid, Penicillin/streptomycin and Trypsin/EDTA were 
purchased from Invitrogen (Grand Island, NY, USA). T84 cells, a human colon 
carcinoma cell line, were from American Type Culture Collection, MD, USA. 
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II.5. Statistical analysis 
Experimentally induced changes (A) in Isc were quantified by measuring each 
parameter at the peak of a response and subtracting the equivalent values measured 
immediately prior to stimulation. Pooled data were presented as mean 土 standard error 
(S.E.) and values of "n" refer to the number of experiments in each group. The 
significance of differences between mean values was determined using the paired or 
unpaired Student's t-test, where appropriate, and a p value < 0.05 was considered 
significant. One-way ANOVA, Scheffe's test and Levene's homogeneity of variances 
test were used for comparison of groups with p < 0.05 considered significant. 
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Chapter III: Results 
III.l Effect of SRE on transepithelial ion transport processes in T84 
monolayers 
III.l.1 Effect of SRE and baicalein on baseline Isc 
Conventional Isc measurement was used to measure the transepithelial ion 
transport in T84 monolayers. The transepithelial resistance (TER) of T84 monolayers 
measured was 179.0 士 11.0 Qcm^. SRE applied to the apical domain of the monolayers 
produced a concentration dependent increase in Isc (Fig. III.l). The EC 50 of the curve 
is 1.157 mg/mL. 
Upon apical application, the baicalein-stimulated Isc is also concentration-
dependent with an EC50 value 70.66 \iM (Fig. III.2). In control experiments, the Isc 
was unaffected in T84 cells exposed to vehicle DMSO alone at a final concentration 
of 2% (vol/vol). HPLC analysis revealed that the SRE contains 5.51% of the total dry 
weight of baicalein (Y. Huang, unpublished data). In the combined graph of the 
concentration-response curves of SRE- and baicalein-stimulated Isc (Fig. 111.3)，the 
concentration of baicalein present in SRE is equivalent to the concentration of 
baicalein alone shown as the two scale bars of the graph. It shows that baicalein is 
more sensitive in stimulating Isc, while the curve of SRE-stimulated Isc have a higher 
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Figure III.l Concentration dependence of the effect of Scutellariae radix 
extract (SRE) on Isc in T84 monolayers. Monolayers were incubated with 
normal Krebs-Henseleit (KH) solution and stimulated with a series of pulses of 
increasing concentration of SRE to the apical domain. Changes in Isc were 
quantified and plotted against the concentration of SRE. Each data point represents 
the mean 土 S.E. for 4-6 experiments. The solid curve is a sigmoid curve fitted to 
the appropriate data sets using a least squares regression procedure provided by a 
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Figure III.2 Concentration-response relationship of baicalein upon changes in 
Isc in T84 monolayers. Monolayers were stimulated with a series of pulses of 
increasing concentration of baicalein to the apical domain. The change in h e were 
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Figure III.3 Effects of Scutellariae radix (SRE) extract and baicalein on Isc in 
T84 cells monolayers. Concentration-response curves for SRE- (solid line) and 
baicalein- (dotted line) induced Isc in T84 cell monolayers incubated in normal 
KH solution. Each point represents a mean 土 S.E (n = 4-10). 
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III. 1.2. Effect of ion channel blockers on SRE-stimulated Isc 
The effects of different apical CI" channel blockers and Na+-K+-2C1 — 
cotransporter inhibitor on SRE-stimulated Isc were investigated. In Fig. III.4A and Fig. 
III.5, the SRE-stimulated Isc was reduced by 500 |iM DPC, a non-selective CI" 
channel blocker (Leung et ai, 2001), to 48.01% (control: Msc= 18.63 士 2.56 |aA/cm^ 
n = 9; after DPC: A/此=10.17 士 0.44 laA/cm〗，n = 3, p < 0.05). DIDS is also a CI" 
channel blocker but blocks Ca2+- activated CI" channels more selectively (Barrett, 
1993). DIDS at 100 i^M significantly inhibited the SRE-stimulated Isc as shown in 
Fig. III.4B and Fig. III.5 (control: Msc= 10.82 士 0.61 nA/cm2, n = 7; after DIDS: A/冗 
=1.18 士 0.22 |iA/cm^, n = 7，p < 0.05). Glibenclamide was demonstrated to block 
CFTR previously (Schultz et al., 1996; Sheppard & Welsh，1992). Fig. III.4C and Fig. 
III.5 shows that the SRE-stimulated Isc was reduced by 500 jiM glibenclamide to 
54.27% of control (control: Msc= 9.00 士 0.35 laA/cm】，after glibenclamide: A/,c=4.88 
士 0.13 fiA/cm^,n = 4，p < 0.05). In addition, basolatereal application of bumetanide 
(100 iM), a Na+-K+-2Cr cotransporter inhibitor (Dai & Zhang，2002; Green et al, 
2003), reduced the SRE-induced Isc to 24.81% of control as shown in Fig. IIL4D and 
Fig. III.5 (control: A/,c= 11.71 士 0.84nA/cm2，after bumetanide: A/此二 3.00 士 0.53 
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Figure III.4 Effects of CI" channel blockers and bumetanide on Isc elicited by 
1.0134 mg/mL apical SRE in T84 cell monolayers. After the apical SRE-evoked 
Isc response, DPC (apical, 500 // M) (A), DIDS (apical, 100 /z M) (B), 
glibenclamide (apical, 500 以 M) (C) or bumetanide (basolateral, 100 /zM) (D) 
was added to T84 cell monolayers. Dashed line indicates zero current level. 
Transient current pulses were a result of clamping the potential intermittently at 1 
mV. 
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Figure III.5 Summarized data with % of maximal current showing the effect 
of c r channel blockers and bumetanide on Isc elicited by 1.0134 mg/mL 
apical SRE in T84 cell monolayers. CI" channel blockers of DPC (apical, 500 ji 
M), DIDS (apical, 100 f i M \ glibenclamide (Gli, apical, 500 fiM) or bumetanide 
(but, basolateral, 100 fiM) was added to T84 cell monolayers after the apical 
SRE-evoked Isc response. Percentage of maximal current represents the 
percentage of residual current after blockade treatment of the apical SRE-evoked 
Isc response. The SRE-evoked Isc responses before blockade treatment were 
included as control (Ctr). Values are the mean 土 S.E (n = 4-7). All of the blockers 
significantly reduced the % of maximal current from the control (*, p <0.05; One-
way ANOVA, Scheffe's test). 
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III.1.3. Effect of K+ channel blockers on SRE-stimulated Isc 
Effect of different basolateral K+ channels blockers on the SRE-stimulated Isc 
was studied. BaCl? is known to be a non-specific K+ channel blocker (Mall et al., 
2003). In Fig. III.6A and B，the SRE-stimulated Isc was reduced to 82.6% and 61.1% 
of control, respectively, by addition of 2.56 mM BaC^ (control: 20.14 士 2.13 
^iA/cm2; after 2.56 mM BaCb： Msc= 6.94 士 0.53 ^A/cm^ n = 4 , p < 0.05) and 10 mM 
BaCl2 (control: A/,, = 21.1 士 1.2 juA/cm ;^ after 10 mM BaCl�： A/,, = 5.83 士 0.53 
MA/cm2to’ n = 4，p < 0.05). There is no difference between the blockade effect of 2.56 
mM and 10 mM BaCl] (p > 0.05). 
The sensitivities of the SRE-stimulated Isc to the cAMP-dependent K+ channel 
blocker and Ca^'"-activated K+ channel blockers was examined. Chromanol 293B is 
identified as the specific blocker of KvLQTl channel, which is one of the cAMP-
dependent K+ channels (Ko et al, 2002). Application of 300 |iM chromanol 293B 
reduced the SRE-stimulated Isc to 45.7% of control as shown in Fig. III.7 and Fig. 
III.9 (control: A/,, = 27.78 士 2.65|LiA/cm2, n = 5; after chromanol: AI,, = 12 土 
0.54|LiA/cm^ n = 5,p <0.05). 
The effect of three Ca^^-activated K+ channel blockers on the SRE-stimulated Isc 
was compared. Clotrimazole and TRAM-34 have been shown to directly block ionic 
current through intermediate-conductance Ca2+-activated K+ (IKca) channels (Wulff^r 
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al, 2000). As shown in Fig. III.8A,B and Fig. III.9, basolateral application of 10 \iM 
clotrimazole (control: A/沉=24.91 土 1.20 \xA/cm^, n = 4; after clotrimazole: A/扣= 
25.83 士 1.60 |iA/cm^ n = 4, p > 0.05) and 1 i^M TRAM-34 had no significant effect 
on the SRE-stimulated Isc (after TRAM-34: Msc= 21.11 ± 1.11 ^lA/cm�，n = 3, p > 
0.05). As shown in Fig. III.8C, the SRE-stimulated Isc was completely insensitive to 
addition of 50 nM CTX (after CTX: Msc= 23.89 士 1.67 ^A/cm^n = 3，p > 0.05), 
which is an inhibitor of the intermediate conducting Ca^"^-activated K+ channel (Lee & 
Kang, 2001). 
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Figure III.6 Effects of basolateral K+ channels blocker BaCh on Isc elicited by 
1.0134 mg/mL apical SRE in T84 cell monolayers. After the apical SRE-evoked 
Isc response, BaCh (basolateral, 2.56 mM) (A) and BaCh (basolateral, 10 mM) 
(B) was added to T84 cell monolayers. Dashed line indicates zero current level. 
Transient current pulses were a result of clamping the potential intermittently at 1 
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Figure III.7 Effects of cAMP-driven K+ channel blocker on Isc elicited by 
1.0134 mg/mL apical SRE in T84 cell monolayers. After the apical SRE-evoked 
Isc response, chromanol 293B (basolateral, 300 ji M )was added to T84 cell 
monolayers. Dashed line indicates zero current level. Transient current pulses were 
a result of clamping the potential intermittently at 1 mV. These chart records are 
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Figure III.8 Effects of Ca '^^ -activated K+ channel blockers on Isc elicited by 
1.0134 mg/mL apical SRE in T84 cell monolayers. TRAM-34 (basolateral, 1 [i 
M) (A), CTX (basolateral, 50 nM) (B)，clotrimazole (basolateral, 10 /zM) (C) was 
added to T84 cell monolayers after the apical SRE-evoked Isc response. Dashed 
line indicates zero current level. Transient current pulses were a result of clamping 
the potential intermittently at 1 mV. These chart records are representative of 3-4 
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Figure III.9 Summarized data with % of maximal current showing the effect 
of different K+ channel blockers on Isc elicited by 1.0134 mg/mL apical SRE 
in T84 cell monolayers. K+ channel blockers of 1 /z M TRAM-34, 50 nM CTX, 
10 ILLM clotrimazole, 2.56mM BaCb, 10 mM BaCb and 300 JLLM chromanol 
293B was added to T84 cell monolayers after the apical SRE-evoked Isc response. 
Percentage of maximal current represents the percentage of residual current 
stabilized after blockade treatment of the apical SRE-evoked Isc response. The 
original SRE-evoked Isc responses before blockade treatment were included as 
control. Values are the mean 土 S.E (n = 3-5) There are significant differences in the 
% of maximal current of apical SRE-evoked Isc response between the T84 
monolayers treated by 2.56 mM, 10 mM BaCb, chromanol-293B and T84 without 
treatment. (*，p <0.05; One-way ANOVA, Scheffe's test). 
Results 48 
III.1.4 Effect of SRE in CI free solution 
Apical addition of SRE (1.0134 mg/mL) evoked an Isc increase of 25 士 3.56 
|iA/cm^ (n = 4) (Fig. Ill 1 OA and Fig. III. 11) under the normal condition of Isc 
measurement, in which the cells are bathed bilaterally with HCOa'-containing KH 
solution. When the monolayers were bathed bilaterally with a CI" free solution, the 
SRE-stimulated Isc response was nearly abolished, the increase in Isc was only 1.11 士 
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Figure III.IO Effects of SRE on ion transport across T84 cell monolayers in 
Cr- free solution. Monolayers were incubated in normal KH solution (A) and a 
Cr- free solution (B). Apical applications of SRE (1.0134 mg/mL) stimulated an 
increase in Isc as shown in the representative traces (n = 4). Dashed line indicates 
zero current level. Transient current pulses were a result of clamping the potential 
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Figure III. 11 Summarized data showing the effect of SRE on ion transport 
across T84 cell monolayers in CI - free solution. Apical applications of SRE 
(1.0134 mg/mL) to the monolayers incubated in normal KH and CI"- free solution. 
Values are the mean 土 S.E (n = 4). Incubation of T84 cell monolayers in CI"- free 
solution significantly reduced the apical SRE-evoked Isc response (*, p <0.05, 
Student's t-test). 
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III.2. Effect of SRE on apical CI" conductance and basolateral K^ 
conductance in nystatin-permeabilized T84 monolayers 
in.2.1 Effect of SRE and baicalein on baseline/a 
To examine the apical CI" conductance specifically, basolateral membranes of 
T84 monolayers were permeabilized with nystatin, and the monolayer was exposed to 
a mucosal-to-serosa (reversed) CI" gradient with CI" as the sole permeant ion. 
Transepithelial resistance (TER) of T84 monolayers measured before the 
permeabilization was 219.9 士 9.68 Qcm^, and was 119.14 士 9.14 Qcm^ after 
permeabilization. SRE (1.0134 mg/mL) and 100 |iM baicalein were applied to the 
apical domain of the monolayers and produced a rapid downward current deflection 
as shown in Fig. III.12A and Fig. III. 13A. Fig. IIL13A and Fig. III.13B shows that the 
SRE and baicalein stimulated concentration-dependent increase in la. The EC50 of the 
concentration-dependent curve of SRE is 0.174 mg/mL and 120.43 |iM for that of 
baicalein. The concentration-dependent responses of SRE in nystatin-permeabilized 
preparations have similar sigmoid patterns to that of SRE in intact T84 monolayers. 
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Figure III.12 Concentration-response relationship for the effects of SRE upon 
changes in Id in T84 cell monolayers after basolateral permeabilization with 
nystatin. A: The la response stimulated by nystatin (360 fi g/mL) and apically 
applied SRE (0.3378 mg/mL) in the presence of a mucosally to serosally oriented 
c r gradient .B: Monolayers under nystatin permealibization described above were 
stimulated with a series of pulses of increasing concentrations of SRE. The 
changes in l a were quantified and plotted against the concentration of SRE. Each 
data point represents the mean 土 S.E. for 3-15 experiments. 
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Figure III. 13 Concentration dependence of the effects of baicalein upon 
changes in l a in T84 cell monolayers after basolateral permeabilization with 
nystatin. A: The l a response stimulated by nystatin (360 fi g/mL) and apically 
applied 100 /zM baicalein in the presence of a mucosally to serosally oriented CI" 
gradient .B: Monolayers under nystatin permeabilization were stimulated with a 
series of pulses of increasing concentrations of baicalein. The changes in Isc were 
quantified and plotted against the concentration of SRE. Each data point represents 
the mean 土 S.E. for 3-9 experiments. 
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III.2.2 Study of apical CI" conductance in T84 monolayers 
An investigation was carried out on the effect of different apical CI" channel 
blockers on SRE-stimulated la . In Fig. IIL14B and Fig. III. 15A, the SRE-stimulated 
/ a was inhibited significantly, after pretreatment with 300 |iM DPC (control: A/a = -
2 4 4 . 8 1 士 4 7 . 1 |aA/cm2, n = 12; after D P C : A / a 二 - 5 7 . 7 8 士 8 .41 laA/cm^ n = 3; p < 
0.05). Fig. III.14C and Fig. IIL15B shows that the SRE-stimulated l a was inhibited 
significantly by pretreatment with 300 |iM glibenclamide (after glibenclamide: A/a = 
-100.56 士 16.77 |iA/cm^ n = 5, p < 0.05). Pretreatment with 100 \iM bumetanide did 
not significantly affect the SRE-stimulated / a as shown in Fig. III.14D and Fig. III. 16 
(after bumetanide: Ala = -179.27± 45.49 |iA/cm^ n= l l , p > 0.05). 
Baicalein, as one of the major flavonoids of SRE, was also applied to study its 
effect on the apical CI" conductance. Pretreatment with 300 |iM DPC significantly 
attenuated the baicalein-stimulated l a (Fig. III.17B and Fig. III. 18A) (control: Ala = -
172.22 士 47.19 nA/cm^ n = 4; after DPC: Ala = -64.44 士 16.48 \xA/cm^, n = 5; p < 
0.05). In Fig. IIL17C and Fig. III.18B, the baicalein-stimulated l a was significantly 
reduced, after pretreatment with 300 \iM glibenclamide (after glibenclamide: Ala = -
56.30 士7.65 |iA/cm^ n = 6，p < 0.05). Fig. III.17D and Fig. III. 19 shows that the 
baicalein-stimulated l a was not significantly inhibited by pretreatment with 100|iM 
bumetanide (after bumetanide: Ala = -150.22 士 34.92 laA/cm�，n = 5, p> 0.05). 
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Figure III.14 Effects of CI" channel blockers and bumetanide on l a elicited by 
0.3378 mg/mL apical SRE in T84 cell monolayers after basolateral 
permeabilization with nystatin. The la response were stimulated by nystatin 
(360 fi g/mL) and apically applied 0.3378 mg/mL SRE in the presence of a 
mucosally to serosally oriented CI" gradient (A). 10 minutes before apical 
application of SRE, DPC (apical, 300 fiM) (B)，glibenclamide (apical, 300//M) 
(C), bumetanide (basolateral, 100 /zM) (D)，was added to T84 cell monolayers. 
Dashed line indicates zero current level. Transient current pulses were a result of 
clamping the potential intermittently at 1 mV. These chart records are 
representative of 5-12 experiments. 
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Figure 111.15 Summarized data showing the effect of CI" channel blockers on 
la elicited by 0.3378 mg/mL apical SRE in T84 cell monolayers after 
basolateral permeabilization with nystatin. After nystatin permeabilization, 
DPC (300 ji M) (A),glibenclamide (300 fi M) (B), was added to T84 cell 
monolayers 10 minutes before addition of 0.3378 mg/mL SRE. Values are the 
mean 土 S.E. for 5-12 experiments. There are significant differences in apical SRE-
evoked l a response between the pretreatment of T84 cell monolayers with DPC, 
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Figure III. 16 Summarized data showing the effect of bumetanide on l a 
elicited by 0.3378mg/mL apical SRE in T84 cell monolayers after basolateral 
permeabilization with nystatin. After nystatin permeabilization, bumetanide (100 
11 M) was added to T84 cell monolayers 10 minutes before addition of 
0.3378mg/mL SRE. Values are the mean 土 S.E. for 5-12 experiment. There is no 
statistically significant difference in apical SRE-evoked Ici response between the 
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Figure III.17 Effects of CI" channel blockers and bumetanide on Isc elicited by 
100 f iM baicalein in T84 cell monolayers after basolateral permeabilization 
with nystatin. The Isc response were stimulated by nystatin (360 fi g/mL) and 
apically applied 100 {i M baicalein in the presence of a serosally to mucosally 
oriented CI" gradient (A). 10 minutes before apical application of SRE, DPC 
(apical, 300 fi M ) (B), glibenclamide (apical, 300 fi M) (C)，bumetanide 
(basolateral, 100 ji M) (D), was added to T84 cell monolayers. Dashed line 
indicates zero current level. Transient current pulses were a result of clamping the 
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Figure III. 18 Summarized data showing the effect of CI" channel blockers on 
la elicited by 100 fi M baicalein in T84 cell monolayers after basolateral 
permeabilization with nystatin. After nystatin permeabilization, DPC (300 //M) 
and glibenclamide (300 M) was added to T84 cell monolayers 10 minutes 
before addition of 100 ^ M baicalein. Values are the mean 土 S.E. for 4-9 
experiment. There are significant differences in apical baicalein-evoked l a 
response between the pretreatment of T84 cell monolayers with DPC, 
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Figure III. 19 Summarized data showing the effect of bumetanide on l a 
elicited by 100 fi M baicalein in T84 cell monolayers after basolateral 
permeabilization with nystatin. After nystatin permeabilization, bumetanide was 
added to T84 cell monolayers 10 minutes before addition of 100/zM baicalein. 
Values are the mean 土 S.E. for 4-9 experiment. There is no statistically significant 
difference in apical SRE-evoked / a response between the pretreatment of T84 cell 
monolayers with bumetanide and the monolayers without pretreatment. 
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III.2.3 Interaction of SRE andforskolin 
Previous studies showed that SRE and baicalein potentiated the Ca^ "^ - mediated 
c r secretion in polarized T84 cells (Yue G. L., unpublished data). It is therefore 
possible that the SRE or baicalein-evoked Isc was mediated by cAMP pathway. 
Forskolin, by elevating cAMP through activation of adenylate cyclase, produces a 
large sustained increase in Isc in T84 cells (Cartwright et al., 1985). Experiments 
were carried out to investigate the interaction of SRE and forskolin 
After the nystatin-permeabilized monolayers were challenged with 10 jiM 
forskolin, SRE (0.3378 mg/mL) was applied in the presence of forskolin. Also, after 
the cells were challenged with SRE, forskolin was then applied in the presence of 
SRE. The forskolin-stimulated l a of the first challenge (A/a = -402.50 士 66.41 
nA/cm^, n = 4) was significantly larger than the forskolin-stimulated Ici after the 
application of SRE (A/a = -149.38 士 63.14 iiA/cm?, n = 4; p < 0.05) (Fig. IIL20 and 
Fig. IIL21). Similarly, the first response of SRE-stimulated la (Ma = -174.38 士 30.42 
nA/cm^, n = 4) was significantly larger than the SRE-stimulated l a in the presence of 
forskolin (A/a =10.00 士 1.44 |iA/cm2, n = 4; p<0.05). After the nystatin-
permeabilized monolayers were stimulated with forskolin (10 |iM, apical), addition of 
SRE did not evoke any increase in la. The l a response elicited by forskolin were 
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Figure III.20 Interaction of forskolin and SRE on changes on l a in T84 
monolayers after basolateral permeabilization with nystatin. The la responses 
were stimulated by apical nystatin (360 ji g/mL) in the presence of a mucosally to 
serosally oriented CI" gradient. A: After the l a response elicited by apical 10 fiM 
forskolin, 0.3378 mg/mL SRE was added apically at the peak l a response of 
forskolin. 300 f iM glibenclamide was applied apically subsequent to SRE-evoked 
Id response. B: After l a response elicited by apical 0.3378 mg/mL SRE, 10 ^ M 
forskolin was added apically at the peak l a response of SRE. 300 fi M 
glibenclamide was applied apically subsequent to SRE-evoked l a response. 
Dashed line indicates zero current level. Transient current pulses were a result of 
clamping the potential intermittently at 1 mV. These chart records are 
representative of 4 experiments. 
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Figure 111.21 Summarized data showing the interaction of forskolin and SRE 
on l a in T84 monolayers after basolateral permeabilization with nystatin. 
After nystatin permeabilization, the monolayers were first challenged with 
forskolin, SRE was applied in the presence of forskolin. Also, after the cells were 
challenged with SRE, forskolin was then applied in the presence of SRE. Values 
are the mean 土 S.E. for 4 experiments. There are significant differences in Ici 
responses between the first forskolin-evoked response and the forskolin response 
after application of SRE, as well as the first SRE-evoked response and the SRE 
response after application of forskolin (*，p < 0.05, Student's t-test). 
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III.2.4 Study of basolateral K^ conductance in T84 monolayers 
Both apical CI" and basolateral K+ conductance are important in the regulation of 
transepithelial CI" secretion in colonic cells as described previously. Therefore, 
basolateral K+ conductance in the T84 cells was studied after permeabilization of the 
apical membrane. The nystatin-induced response displayed as upward current 
deflection because CI' as a anion was replaced by cation K+, resulting a current with 
reverse direction. 
In contrast to the measurement of la,, apical addition of SRE (0.3378 |j,g/mL) 
did not cause any discernible increase in Ik as shown in Fig. III.22A. 1-EBIO is 
known as an activator of intermediate-conductance Ca^"^-activated K+ channels (Crane 
& Garland, 2004). In Fig. III.22A, basolateral application of 300 jiM 1-EBIO evoked 
an increase in Ik, which was then completely abolished by basolateral CTX 50 nM. 
Similarly, application of 100 \iM baicalein to the apical domain did not cause any 
stimulation in Ik, while 300 jxM 1-EBIO stimulated an increase in Ik as shown in Fig. 
III.22B. Data suggest that SRE and baicalein did not evoke any increase in basolateral 
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Figure III.22 Effect of SRE and baicalein on basolateral K+ conductance in 
T84 monolayers after apical permeabilization with nystatin. The Ik responses 
were stimulated by nystatin (360 ji g/mL) in the presence of a mucosally to 
serosally oriented K+ gradient. A: Apical addition of SRE (0.3378 mg/mL) did not 
stimulate Ik responses. 50 nM CTX was applied subsequently to the EBIO-evoked 
If. responses. B: Apical addition of 100 ji M baicalein did not stimulate Ik 
responses. Application of 300 /z M EBIO evoked an increase in Ik responses. 
Dashed line indicates zero current level. Transient current pulses were a result of 
clamping the potential intermittently at 1 mV. These chart records are 
representative of 4 experiments. 
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III.3 Effect of SRE and baicalein on PKA activities in T84 cells 
III.3.1 Effect of Scutellariae Radix on PKA activity 
A non-radioactive assay was used to measure the PKA activation. This assay 
utilizes fluorescent peptide substrates that are highly specific for PKA. 
Phosphorylation by PKA of the specific substrates alters the peptides's net charge 
from +1 to -1. This change in the net charge allows the phosphorylated substrates to 
be rapidly separated on an agarose gel. The % change of the fluorescent unit of the 
substrates was recorded as the % of stimulation of the PKA activity compared to 
control without any treatment. 
In Fig. III.23, an increase in PKA activation has been observed when comparing 
the band which represents SRE (0.3378 mg/mL) treatment on T84 cells and the band 
representing untreated T84 cells. Incubation of T84 cells with 0.3378 mg/mL SRE for 
5 minutes revealed a significant (52%) increase in PKA activity (n= 10,p< 0.05). To 
further examine this effect, T84 cells were incubated with 0.3378 mg/mL over time 
periods of 15 and 25 minutes. The peak of PKA activation occurred in the 5 minutes 
treatment, and the increase in PKA activity declined gradually with longer treatment 
time of SRE. (Fig. III.24) The PKA activity was unaffected statistically in control 
dishes exposed to DMSO alone at a final concentration of 2% (vol/vol)(data not 
shown). 
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Figure III.23 Effect of SRE on PKA activity in T84 cells. T84 cells in petri 
dishes were treated with 0.3378 mg/mL SRE for 5, 15 and 25 minutes 
lane respectively)(from the left). Control dishes were untreated lane). The 
positive and negative control of the PepTag kit were shown as and lane. 
Endogenously expressed PKA were incubated with a specific substrate peptide 
tagged with a fluorescent probe (PepTag). After phosphorylation by PKA, the 
phosphorylated and unphosphorylated PepTag peptides were separated by agarose 
gel electrophoresis. To determine the specific enzymatic activity, PKA activity was 
quantified by fluorescence intensity of the phosphorylated PepTag. This figure 
shows a representative agarose gel separation of fluorescent phosphorylated 
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Figure III.24 Summarized data on the effect of SRE on PKA activity in T84 
cells. The time-dependent PKA activation by SRE on T84 cells was shown. The 
fluorescent intensity of phosphorylated Peptag of the drug treated samples was 
compared to the control dishes as % of stimulation of the PKA activity for each 
experiment. Values are the mean 土 S.E. for 6-10 experiments (*, p < 0.05, 
Student's t-test). 
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Figure 111.25 Effect of baicalein on PKA activity in T84 cells. T84 cells in petri 
dishes were treated with 100 fi M baicalein for 5，15 and 30 minutes 4出 
lane respectively)(from the left). Control dishes were untreated (V^ lane). The 
positive and negative control of the PepTag kit were shown as and lane. 
After phosphorylation by PKA, the phosphorylated and unphosphorylated PepTag 
peptides were separated by agarose gel electrophoresis. PKA activity was 
quantified by fluorescence intensity and shown as a representative agarose gel 
separation of fluorescent phosphorylated PepTag of the samples. This photograph 
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Figure III.26 Summarized data on the effect of baicalein on PKA activity in 
T84 cells. The time-dependent PKA activation by baicalein on T84 cells was 
shown. The fluorescent intensity of phosphorylated Peptag of the drug treated 
samples was compared to the control dishes as % of stimulation of the PKA 
activity for each experiment. Values are the mean 土 S.E. for 7-8 experiments. (*, p 
< 0.05, Student's t-test). 
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Figure III.27 Effect of berberine on PKA activity in T84 cells. T84 cells in 
petri dishes were treated with 100/zM berberine for 15 minutes (2"'' lane) (from 
the left). Control dishes were untreated lane). The positive and negative control 
of the PepTag kit were shown as 3rd and lane. After phosphorylation by PKA, 
the phosphorylated and unphosphorylated PepTag peptides were separated by 
agarose gel electrophoresis. PKA activity was quantified by fluorescence intensity 
and shown as a representative agarose gel separation of fluorescent phosphorylated 
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Figure III.28 Summarized data on the effect of berberine on PKA activity in 
T84 cells. The time-dependent treatment of baicalein on T84 cells was shown as 
percentage of stimulation. The fluorescent intensity of phosphorylated Peptag of 
the drug treated samples was compared to the control dishes as % of stimulation of 
the PKA activity for each experiment. Values are the mean 土 S.E. for 4 
experiments. 
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III.3.4. Interaction of baicalein and berberine on PKA activity 
Since baicalein stimulates chloride secretion in T84 cells and rat colon, while 
berberine is found to reduce the ion transport activity, we investigated whether 
baicalein and berberine have any interaction on the PKA activity by applying 100 ^M 
berberine 15 minutes after addition of 100 [M baicalein. 
Fig. IIL29 shows that application of berberine in the presence of baicalein in 
T84 cells did not cause an observable PKA activation when compared with untreated 
T84 cells. The summarized data was shown in Fig. 111.30. There is no significant 
difference between T84 cells treated with baicalein alone and treated with baicalein 
and berberine. Therefore, it appears that berberine cannot modulate the PKA activity 
stimulated by baicalein. 
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Figure III.29 Effect of interaction of baicalein and berberine on PKA activity. 
T84 cells in petri dishes were treated with 100 ji M baicalein for 15 minutes, 
which were followed by 15 minutes treatment of 100 {i M berberine 
lane)(from the left). Control dishes were untreated lane). The positive and 
negative control of the PepTag kit were shown as and lane. After 
phosphorylation by PKA, the phosphorylated and unphosphorylated PepTag 
peptides were separated by agarose gel electrophoresis. PKA activity was 
quantified by fluorescence intensity and shown as a representative agarose gel 
separation of fluorescent phosphorylated PepTag of the samples. This photograph 
is representative of 4 experiments. 
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Figure III.30 Summarized data on the effect of interaction of baicalein and 
berberine on PKA activity. The % of stimulation of the treatment by 100 juM 
baicalein with 100 (i M berberine and the sole treatment of 100 /zM baicalein on 
T84 cells was shown. The fluorescent intensity of phosphorylated Peptag of the 
drug treated samples was compared to the control dishes as % of stimulation of the 
PKA activity for each experiment. Values are the mean 士 S.E. for 7 experiments (*, 
p < 0.05, One way ANOVA, Scheffe's test). 
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Chapter IV: Discussion 
IV. 1 Scutellariae Radix, Coptidis Rhizoma，and gastrointestinal 
secretory function 
Scutellariae Radix, also known as Huangqin, is the dry root of Scutellaria 
baicalensis Georgi (Lamiaceae). It is officially listed in the Chinese Pharmacopoeia 
and is one of the most widely used Chinese herbal medicines against bacterial 
infection of the respiratory and the gastrointestinal tract. In Japan and China, 
Scutellariae Radix has been employed for centuries as an important medicine. The 
main components in Scutellariae Radix (and in all Scutellaria species) are baicalein, 
baicalin and wogonin. Among the flavonoids, baicalein is a major flavonoid derived 
from the medicinal herb (Chen et al., 2000). It has been previously shown that 
baicalein possess a wide range of pharmacological effects including 
anti-inflammatory (Shen et al, 2003), anti- tumor (Ikemoto et al, 2000; Zhang et al, 
2003), anti-oxidative (Bochorakova et al, 2003; Gao et al, 1999; Shieh et al, 2000) 
and anti-HIV activities (Wu et al, 2001). Recently, our laboratory has shown that 
baicalein stimulates CI" secretion in isolated rat colonic mucosae. Baicalein appears to 
act via the activation of cAMP-dependent apical CI' channels and basolateral K+ 
channels. Baicalein also stimulates the accumulation of cAMP in intact rat colonic 
mucosae (Ko et al., 2002). 
Scutellariae Radix is often used in combination with Coptidis Rhizoma in 
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traditional folk remedies. Coptidis Rhizoma has been widely employed for the 
treatment of gastroenteritis and secretory diarrhoea. Berberine is the major active 
components of Coptidis Rhizoma. Recently, the pharmacological effects of berberine 
on colonic secretion have been extensively studied (Rabbani, 1996). Recent reports 
suggest that its anti-secretory activity is due to a direct effect on colonic epithelium 
via a blockage of K+ channels that are responsible for potassium recycling during 
chloride secretion (Taylor et al., 1999; Baird et al.，1997). This provides a plausible 
mechanism to partially explain its therapeutic benefit seen in vivo. In contrast, the 
effect of SRE and baicalein on electrolyte transport processes across colonic mucosa 
and the cellular signaling mechanism underlying their actions has not been fully 
elucidated. Since Scutellariae Radix is often used in combination with Coptidis 
Rhizoma in traditional remedies to treat gastrointestinal disorders, the present study 
focuses on the effect of SRE and its major flavonoid baicalein on human colonic 
secretory functions using T84 monolayer as a cellular model. 
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IV.2 SRE- and baicalein-induced increase in Isc 
In T84 cells, it has been shown that CI" secretion across the apical domain 
increases the osmotic driving force for the fluid secretion in human colonic cell line 
T84 (Dharmsathaphom & Pandol，1986). Our previous study revealed that baicalein 
stimulated CI" secretion and potentiated Ca^"'-dependent CI" secretion in the human 
colonic cell line T84 (Yue G. L., unpublished data). A preliminary study also showed 
that SRE stimulated CI" secretion in a similar manner in T84 cells. In the present study, 
experiments were carried out to further investigate the cellular mechanism and 
signaling pathway of the CI" transport processes stimulated by SRE in the human 
colonic T84 cell line. In this study SRE was extracted from the dry roots of 
Scutellaria rehderiana Diel, which belongs to the same genus and is used in 
traditional Chinese medicine in a manner similar to Scutellariae baicalensis (Su et al, 
2001). This species is cultivated in Gansu Province, China, and is commonly called 
gansu huangqin. HPLC analysis revealed that the SRE was found to have a higher 
baicalein content (5.51%) than the one used previously (Y Huang, unpublished data). 
The present results have demonstrated that SRE and baicalein stimulated a 
concentration-dependent increase in kc in the human colonic epithelial cell line T84. 
The Cr secretory mechanism in T84 cells has been well characterized, which consists 
of two main steps (Barrett & Keely, 2000). Chloride ions are taken up into the cell 
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across the basolateral membrane via Na+-K+-2Cr co-transporter (NKCCl). Therefore, 
c r accumulates in the cell above its electrochemical equilibrium so that when apical 
c r channels are opened, CI" exits via the cAMP-dependent CFTR CI" channels. 
However, recent data also suggest the existence of Ca^"^-activated CI" channels (CaCC) 
in T84 cells. These channels mediate CI" secretory responses to agonists that raise 
intracellular calcium concentration (Cunningham et al, 1995; Gruber et al, 1999). In 
this study, the supporting evidence for an effect of SRE on CI" secretion includes: (1) 
The SRE-induced Isc was almost abolished in ion substitution experiments, in which 
the extracellular CI' ions bathing the epithelia were replaced with impermeable 
gluconate; (2) The kc response was substantially inhibited by the Na+-K:+-2Cr 
co-transporter inhibitor, bumetanide; (3) Different CI" channel blockers, such as DPC, 
DIDS and glibenclamide, are capable of inhibiting the SRE-evoked Isc responses. 
Therefore, a stimulation of CI" secretion by SRE in T84 cells has been confirmed. 
When comparing the effect of SRE and baicalein on CI" secretory effect in T84 
cells, their respective EC50 values are 1.16 mg/ml (Fig. III.l) and 70.66 |iM (Fig. 
111.2). The two concentration response curves are then combined together for 
comparison with respect to the concentration of baicalein present in the SRE (Fig 
111.3). It appears that baicalein is slighty more sensitive in stimulating CI" secretion 
when compared with SRE. The maximal responses to SRE and baicalein were 
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different. SRE produced greater peak increases in Isc than did baicalein. This is in 
contrast with our previous findings (Yue G. L., unpublished data), in which both 
baicalein and SRE has similar effectiveness and maximal stimulatory capacity. The 
reason(s) that SRE used in the present study could stimulate a larger increase in Isc 
compared to baicalein is not clear from these experiments. Possibilities include 
differences in the source of SRE, which was extracted from the same species but 
different genus of the plant. Therefore, the SRE may contain compounds not present 
before and produce additional CI" secretory effects. In our study, only the main 
flavonoids content in the SRE was analyzed. Further investigation of other 
unidentified pro-secretory compound(s) in the SRE is required. 
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IV.3 Cellular signaling mechanisms underlying the effect of SRE and 
baicalein 
Our previous study has demonstrated that the SRE-evoked Isc was sensitive to 
H89 (10 |iM), a protein kinase A (PKA) inhibitor and MDL 12330A (10 \xM), an 
adenylate cyclase inhibitor (Yue G. L., unpublished data). The CI" secretory response 
to a saturating concentration of the adenylate cyclase activator, forskolin (10 |j,M), 
was not further enhanced by SRE. On the other hand, pre-treating the epithelia with 
the calcium mobilizing agent, thapsigargin (1 |jM)，did not prevent a further increase 
in Isc by SRE. On the contrary, the thapsigargin-evoked Isc was potentiated by 
pre-treating the epithelia with SRE. Moreover, SRE evoked a 
concentration-dependent increase in cAMP generation. Taken together, the stimulation 
of c r secretion by SRE appears to involve the cAMP-dependent pathway (Yue G. L., 
unpublished data). 
This study further confirms that the SRE-stimulated CI" secretion mainly via a 
cAMP-dependent pathway. In contrast with an earlier study showing that Scutellariae 
Radix (0.25 mg/ml) inhibits the adenylate cyclase activity by 17% (Kanatani et al, 
1985), SRE was found to stimulate an increase in cAMP content as determined by 
using an ELISA method (Yue G. L.，unpublished data). To further demonstrate the 
downstream signaling pathway of SRE, the activity of the cAMP-dependent protein 
kinase was measured. In additional experiments, PKA activity was measured in T84 
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cells using a commercial based assay (Promega) that utilizes the phosphorylation of 
Kemptide (Leu-Arg-Arg-Ala-Ser-Leu-Gly), a synthetic substrate specific for PKA. In 
the assays, phosphorylated peptide migrates toward the anode and the fluorescence 
intensities can be quantified. Our data show that addition of baicalein for different 
periods of time significantly increased the PKA activity by more than 20%, when 
compared with cells treated with vehicle control alone. SRE (0.3378 mg/ml) also 
produced a similar effect by activating the PKA in T84 cells. It is, therefore, likely 
that the Isc response to SRE and baicalein was mediated by an increase in cellular 
cAMP level, which then activates PKA and subsequently leads to the opening of 
apical CFTR CI" channels. It has been shown that CFTR is phosphorylated by both 
PKA and PKC, with resulting changes in channel function (Berger et al., 1993). 
On the other hand, this dose of SRE (0.3378 mg/ml), which is equivalent to � 7 0 
jiM baicalein, could activate an increase in more than 40% of PKA activity within 5 
minutes as compared with control (Fig. 111.24). This is higher than that activated by 
100 i^ M baicalein (-20%, Fig. 111.26). Moreover, the time profile is also different, in 
which the activation of PKA was much faster when the cells were treated with SRE 
(Fig. III.24 and Fig. 111.26). Interestingly, this dose of SRE has a smaller effect on Isc 
than does baicalein (Fig. IIL3), underscoring the complexity inherent in the regulation 
of c r secretion. Therefore, simple correlations between second messenger levels 
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(cAMP content, PKA activity, etc.) and transport processes are very difficult. It is also 
possible that baicalein is not the only active ingredient in the SRE that activates an 
increase in cAMP content and PKA activity. Another possibility is that some of the 
components of the SRE are stimulatory while others are inhibitory on adenylate 
cyclase activity, but the overall effect of the SRE is stimulatory. 
Although it is highly probable that the he response of the T84 cells to SRE was 
mediated by a cAMP-dependent pathway, not all the data were consistent with this 
hypothesis. Instead, the observation that the SRE-elicited Isc response could be 
inhibited by DIDS suggests the possible involvement of CaCC (Fig. III.4). Previous 
studies have shown that CFTR, a cAMP-dependent CI" channel is known to be 
blocked by DPC or glibenclamide, but not by DIDS (Anderson et al., 1992; Schultz et 
al, 1996; Sheppard & Welsh, 1992). DIDS is a more selective blocker for CaCC 
(Gray et al., 1990). Therefore, we could not exclude the possible involvement of 
CaCC in mediating the SRE-induced CI" secretory response. In contrast, it is clear that 
baicalein does not cause any increase in cytosolic Ca^ "^  concentration in rat colon (Ko 
et al, 2002) and T84 cells (Yue G. L., unpublished data). However, the quenching of 
the fura-2 fluorescence signal by SRE led to the technical limitations in the 
measurements of intracellular Ca^ "^ . Nonetheless, based on the data from the present 
study and the previously observed synergistic effect between the SRE and the 
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Ca2+-mobilizing agents (Yue G. L.，unpublished data), SRE probably stimulates CI" 
secretion predominately via a cAMP-dependent pathway. 
The stimulation of transepithelial CI" secretion requires the activation of apical 
membrane CI' channels and/or basolateral K+ channels, and the accumulation of CI" 
by a Na+-K+-2C1- cotransporter. To provide evidence for the primary target of SRE 
and baicalein, the pore-forming antibiotic nystatin was used to selectively 
permeabilize either the apical or basolateral membranes. The appropriate 
transepithelial ion gradients were also established to measure the apical l a and 
basolateral IK. Our data show that SRE and baicalein could activate an apical 
membrane CI" conductance in nystatin-permeabilized T84 monolayer with the EC50 
values of 0.164 mg/ml and 120.43 i^M, respectively (Fig. III. 12 and Fig. III. 13). In 
contrast to the conventional Isc measurements, SRE or baicalein now stimulated a 
similar maximal increase in l a to around 300 |aA/cml However, the EC50 dose of 
SRE is equivalent to -30 \iM baicalein, which indicates that SRE is more potent in 
stimulating an increase in la- It is therefore possible that SRE may also activate other 
membrane targets, such as basolateral K+ conductances and Na+-K+-2Cr cotransporter. 
Baicalein may not be the only active ingredient in SRE to stimulate la. 
The flavonoid quercetin has been shown to activate basolateral K+ channels in rat 
distal colon epithelium (Cermak et al, 2002). In polarized epithelial cells, basolateral 
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IC+ channels hyperpolarize the cell membrane, thereby increasing the driving force for 
electrogenic CI" secretion across the apical membrane (Warth, 2003). In the 
basolateral membrane of colonic mucosa, there are at least three types of K+ channels: 
(1) a large-conductance K+ channels; (2) KCNN4, the intermediate-conductance 
Ca2+-activated K+channel, and (3) KCNQl, a very small-conductance K+ channel that 
is stimulated via cAMP (Warth & Barhanin’ 2003). Addition of the non-specific K+ 
channels blocker, Ba^ "", inhibits the SRE-induced Isc, suggesting a role for basolateral 
K+ channels in stimulating CI" secretion. To further identify the pharmacological 
characteristics of the K+ channels involved, different K+ channels blockers were 
employed. Charybdotoxin, which inhibits the intermediate-conductance 
Ca2+-activated K+ channels (Lee & Kang，2001), did not have any effect on 
SRE-induced kc (Fig. III.8 and Fig. III.9). Colonic KCNN4 channels are potently 
blocked by the anti-fungal drug clotrimazole (Warth et al, 1999), which also did not 
have any inhibitory effect on SRE-evoked Isc. (Fig. IIL8 and Fig. III.9). The newly 
developed selective inhibitor of KCNN4 channels, TRAM-34 (Wulff et al, 2000), 
was also without any effect (Fig.III.8 and Fig.III.9). Taken together, the Ca^ '^-activated 
K+ channels are not involved in mediating the kc response elicited by SRE. In 
contrast, the SRE-induced he was sensitive to chromanol 293B (Fig. IIL7), an 
inhibitor of cAMP-dependent K+ channels, KCNQl (Lohrmann et al, 1995), further 
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transduction pathway(s). Thus, the involvement of molecular identity of other SRE 
and baicalein target(s) or signaling transduction cascade(s) that activates apical 
membrance CI" conductances remains to be elucidated. As mentioned before, one 
possibility is the activation of Na+-K+-2C1- cotransporter, since it has been reported 
that the cotransporter could be activated by a cAMP-dependent mechanism (Merlin et 
al” 1998; Niisato & Marunaka，1997). A recent study also shows that some flavonoids 
activate the Na+-K+-2C1- cotransporter in renal epithelial A6 cells (Niisato et al, 
2004). 
Discussion 89 
IV.5 Interaction between Scutellariae Radix and Coptidis 
Rhizoma 一 the "ying and yang" hypothesis 
Baicalein is the major constituent and flavonoid derived from Scutellariae Radix, 
while berberine is the major alkaloid isolated from Coptidis Rhizoma. Berberine is a 
well-known anti-secretory agent (Rabbani, 1996). It has been well established that the 
membrane target for the anti-secretory effect of berberine in colonic epithelia is via 
the blockage of basolateral K+ channels (Taylor et aL, 1999; Baird et ai, 1997). 
Although it is possible that berberine may have an effect on other signaling cascades, 
such as inhibiting the activity of PKA, our data show that berberine did not inhibit the 
increased PKA activity stimulated by baicalein. Whether berberine or baicalein would 
have any effect on other signaling cascades such as PKC and MAPK remains to be 
elucidated. 
Since Scutellariae Radix and Coptidis Rhizoma derived compounds have been 
employed together for over two thousand years as an Eastern remedy for 
gastroenteritis and secretory diarrhoea, it would be expected that baicalein or SRE 
would be an anti-secretory agent. Our previous data, however, indicates that baicalein 
and SRE induced a Cr-dependent secretory response in rat colon (Ko et al, 2002) and 
potentiated Ca '^^ -mediated CI" secretion in human colonic T84 cells (Yue G. L.， 
unpublished data). The present study further confirms the pro-secretory role of SRE 
and baicalein in human colonic epithelia. The ability of SRE to stimulate CI" secretion 
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thus seems to counteract the anti-secretory effect of berberine-containing herb. 
However, it may have an important modulating effect to maintain a basal CI" secretion 
in the gastrointestinal tract, such as smoothing bowel movement and enhancing fluid 
clearance during host defense response. 
It seems that Scutellariae Radix (and baicalein) and Coptidis Rhizoma (and 
berberine) exert completely opposite effects on the CI" secretory response in colonic 
epithelia. Chinese practitioners of traditional medicine prescribe medicines based on 
"yin and yang". However, the "yin and yang" does not have any concrete physical 
meaning within the modem scientific scope, and thus there is no equivalent term in 
western medicine to express this dichotomy (Ou et al, 2003). Recently, the physical 
meaning of "yin and yang" in traditional Chinese medicine has been correlated with 
the biochemical processes. Ou et al. proposed that the "yin-yang" balance is 
antioxidation-oxidation balance with yin representing anti-oxidation and yang as 
oxidation (Ou et al., 2003). With similar analogy, the "yin-yang" balance may 
represent anti-secretory-secretory balance when the two herbs are used together. 
However, it should be borne in mind that traditional Chinese medicine is more 
complex than what we have proposed here. During the course of using traditional 
Chinese medicine, a compound prescription is composed of several medicinal 
ingredients and the therapeutic effects are by no means the simple summation of all its 
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individual ingredients. The mutual interactions among all the ingredients in the herbal 
recipe are the key aspect of the study in traditional Chinese medicine. Due to their 
mutual influence, the constituents in the compound prescription and in the single herb 
decoction sometimes have obvious differentiations in the phramacokinetic parameters 
in vivo (Zuo et al., 2003). 
IV.6 Summary 
This present study provides evidence showing the cellular mechanism of how 
SRE and baicalein stimulated CI" secretion across the T84 monolayers. Mechanisms 
involve cAMP-, PKA-, luminal cAMP-dependent CI" channels and basolateral 
cAMP-dependent K+ channels. This can be employed to explain our previous findings 
that SRE and baicalein markedly potentiates Ca -dependent secretagogues, such as 
CCh, histamine and thapsigargin. Therefore, SRE and baicalein may act directly on 
the intestinal mucosa to stimulate anion secretion and to enhance the activity of 
muscarinic and other Ca -dependent secretagogues in potentiating an otherwise 
normal secretory response or in readying the cells for a secretory response to 
physiologic agonists. Although the pharmacological effects of SRE in T84 cells can 
be attributed particularly to baicalein, which is the major flavonoid contained within 
the root, we cannot exclude the contribution of other ingredient(s) present in the SRE. 
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Further experiments are required to elucidate the actions of other ingredients in SRE 
on ion transport in human colonic cells. 
Another important note is that CFTR CI" channels in T84 cells are likely to be 
activated by SRE or baicalein, it would be worthwhile to explore further the detailed 
activation mechanism. It is because baicalein, SRE or its active ingredients may have 
therapeutic potential in ameliorating the ion transport defect associated with diseases 
in the gastrointestinal tract, such as cystic fibrosis or constipation. 
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